, a total of 1241 patients underwent anterior cervical decompression and fusion for cervical degenerative diseases in the authors' institution. Sixty-three (5.1%) patients underwent revision anterior cervical diskectomy and fusion for adjacent segment disease between October 2003 and August 2010. This series included 35 men and 28 women with a mean6SD age of 52.666.7 years. A total of 81 segments underwent revision surgery, and most were distributed at C3-C4 and C6-C7. Patients were evaluated using the visual analog scale and Japanese Orthopaedic Association score pre-and postoperatively. Postoperative plain radiographs were used to detect implant failure, segmental collapse, and bone fusion. Clinical symptoms significantly improved postoperatively, and the rate of excellent and good outcomes reached 71.4% at 2-year follow-up. Five (7.9%) patients developed transient mild dysphagia postoperatively. No instrument failure or segmental collapse caused by implant subsidence was detected at the final 2-year follow-up, but 3 (4.8%) patients who received a polyetheretherketone cage did not develop solid fusion.
O ver the past 2 decades, anterior cervical decompression (diskectomy or corpectomy) and fusion (ACDF) has been the gold standard of treatment for degenerative cervical spine diseases.
1,2 However, cervical spine fusion has biomechanical consequences. Loss of mobility at 1 functional spinal unit increases the load sustained by the remaining units, and anterior cervical fusion is associated with the development of new degenerative changes at levels adjacent to the fused segments. 3, 4 To distinguish the clinical significance of these adjacent segment changes, Hilibrand et al 5 classified degeneration of adjacent segments into adjacent segment degeneration and adjacent segment disease. Adjacent segment degeneration is defined as radiographic changes that manifest as osteophytes, disk degeneration, facet hypertrophy, spinal canal stenosis, and segmental hypertrophy. However, radiographic evidence of degenerative changes does not necessarily mean that clinical symptoms exist. Adjacent segment disease is defined as the development of new radicular or myelopathic signs and symptoms that correlate with imaging evidence of degeneration at motion segments adjacent to a previous arthrodesis. 5 No consensus exists regarding the optimal treatment for patients with adjacent segment disease. The authors usually followed the same principles as those for patients with primary cervical spondylosis. Revision surgery is recommended if conservative treatment fails. Although few studies have reported the treatment of adjacent segment disease using fusion, laminoplasty, or artificial disk replacement, revision surgery for adjacent segment disease may be problematic. [6] [7] [8] [9] [10] [11] [12] Between October 2003 and August 2010, a total of 63 (5.1%) patients who underwent anterior cervical decompression and fusion (ACDF) between 1996 and 2005 for cervical spondylosis in the authors' institution underwent revision ACDF for adjacent segment disease. Anterior cervical decompression and fusion is an effective and safe treatment for cervical degenerative diseases, but its effect on adjacent segment disease is not well established. The purpose of this study was to investigate the clinical results of ACDF as a revision surgery for adjacent segment disease and the related factors likely to affect the clinical results.
Materials and Methods

Patient Selection
Between January 1996 and December 2005, a total of 1241 patients underwent ACDF for cervical degenerative diseases by the senior surgeons (D.C., X.W.). Between October 2003 and August 2010, a total of 63 (5.1%) patients who underwent ACDF for adjacent segment disease were enrolled in the study. Adjacent segment disease was defined as new radicular or myelopathic symptoms that developed
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Figure 1: A 69-year-old man developed 2-level adjacent segment disease 4 years after primary surgery, and anterior cervical diskectomy and fusion with a PEEK cage (DePuy Spine, Raynham, Massachusetts) was performed as a revision surgery. Magnetic resonance imaging before primary surgery showing C4-C5 and C5-C6 disk hernias (A). Lateral radiograph after primary surgery showing a C5 corpectomy decompression and reconstruction using a titanium mesh cage and an anterior cervical plate (B). Computed tomography taken before revision surgery showing bone fusion (C). Magnetic resonance imaging before revision surgery showing new degenerative changes at C3-C4 and C6-C7 (D). Lateral radiograph after revision surgery showing that anterior cervical decompression and fusion using a PEEK cage was performed at C3-C4 and C6-C7 (E).
during follow-up after the primary surgery, and these symptoms were ascribed to new degenerative changes at levels adjacent to the previous cervical arthrodesis on magnetic resonance imaging. Management of patients with adjacent segment disease followed the same principles as those of patients with primary cervical spondylosis. For patients who developed acute or subacute neurological changes, early surgical intervention was recommended. The remaining patients received conservative management first, such as drugs and physical therapy; surgery was only recommended when conservative treatment failed.
Two types of patients with adjacent segment disease were excluded: (1) patients with adjacent segment disease and a narrow spinal canal at the primary operative segments that needed to be decompressed via a posterior approach and (2) patients who did not undergo the primary operation in the authors' institution; whether the primary operation was adequate could not be evaluated without complete radiological records.
Surgical Technique
Revision surgery was usually performed on the side contralateral to the primary surgery. In cases of 1-to 2-level disease above or below the previously fused segments, a transverse cervical skin incision was made. When the above and below adjacent segments required surgery, an oblique paramedian incision was made. The anterior cervical plates of the primary surgery were not removed unless instrumental failure had occurred. Therefore, limited exposure of the responsible adjacent segments occurred intraoperatively. Complete decompression was accomplished via resection of the disk, osteophytes, and posterior longitudinal ligament. The upper and lower endplates were prepared by removing the overlying cartilage and preserving the hardest subchondral bone.
Two types of stand-alone cage were used for cervical reconstruction after diskectomy decompression. Before January 2008, the polyetheretherketone (PEEK) cage (DePuy Spine, Raynham, Massachusetts) was used, which was filled with local bone fragments from the decompression and inserted into the disk space without cervical plate fixation (Figure 1 ). After January 2008, a new type of cage, the Zero-P cage (Synthes GmbH, Oberdorf, Switzerland), which was filled with b-tricalcium phosphate (Synthes GmbH),was used ( Figure 2) . Postoperatively, all patients were immobilized with a Philadelphia collar for 6 weeks.
Follow-up
Patients were evaluated at 3, 6, 12, and 24 months postoperatively. Routine follow-up examination included clinical and radiological evaluations. Clinical outcomes were assessed using the visual analog scale (VAS) and the Japanese Orthopaedic As-
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Figure 2: A 53-year-old man developed 1-level adjacent segment disease 5 years after primary surgery, and anterior cervical diskectomy and fusion with a Zero-P cage (Synthes GmbH, Oberdorf, Switzerland) was performed as a revision surgery. Magnetic resonance imaging before primary surgery showing C3-C4, C4-C5, and C5-C6 disk hernias (A). Lateral radiograph after primary surgery showing that combined C3-C4 diskectomy and C5 corpectomy was performed for decompression, and reconstruction was performed using an iliac bone graft and anterior cervical plate fixation (B). Postoperative computed tomography taken before revision surgery showing bone fusion (C). Magnetic resonance image before revision surgery showing a new degenerative change at C6-C7 (D). Lateral radiograph after revision surgery showing that anterior cervical decompression and fusion using a Zero-P cage was performed at C6-C7 (E).
sociation (JOA) score. Relief of neck and arm pain was evaluated using the VAS. The JOA score was used to evaluate the neurological status pre-and postoperatively. The recovery rate (RR) was calculated as RR5(postoperative JOA score2 preoperative JOA score/172preoperative JOA score)3100%. The surgical outcome was defined according to the RR as follows: excellent (RR>75%), good (75%. RR>50%), fair (50%.RR>25%), or poor (RR,25%). Three authors (Y.C., Z.H., H.Y.) independently evaluated all images, including plain and lateral flexion-extension radiographs. At discharge and at each followup, plain radiographs were used to detect implant failure and segmental collapse caused by implant subsidence. Segmental collapse was defined as implant penetration into the adjacent endplates by more than 2 mm. Pitzen et al 13 defined fusion as an absence of radiolucency and bone sclerosis and evidence of bridging trabecular bone in the fusion area.
Statistical Methods
Statistical analyses were conducted using SPSS version 18.0 statistical software (SPSS, Inc, Chicago, Illinois). The x 2 test or Mann-Whitney U test was used for categorical or ordinal data, respectively, and the student t test and analysis of variance were used for interval data with normal distribution. In all tests, a P value less than .05 was considered statistically significant. The interobserver agreement between radiological evaluators was measured by the kappa statistic.
results
Patient Characteristics
This series included 35 men and 28 women, with a mean age of 47.267.4 years (range, 33-67 years) at primary surgery. Symptoms before primary surgery included myelopathic symptoms (n538), radicular symptoms (n55), and myelopathic and radicular symptoms (n520). One-to 3-level diskectomy was performed in 26 patients, 1-to 2-level corpectomy in 17 patients, and 1-level diskectomy and 1-level corpectomy in 20 patients. Previous cervical fusion involved 1 level in 4 patients, 2 levels in 27 patients, and 3 levels in 32 patients.
Mean interval between primary and revision surgery was 5 years 7 months (range, 1 year 6 months to 11 years 10 months), and mean age at revision surgery was 52.666.7 years (range, 38-72 years). Symptoms before revision surgery were myelopathic symptoms (n542), radicular symptoms (n54), and myelopathic and radicular symptoms (n517). Preoperative magnetic resonance imaging done before revision surgery revealed adjacent segment degeneration in 1 segment in 45 patients and in 2 segments in 18 patients. Therefore, a total of 81 segments in 63 patients underwent anterior diskectomy and fusion (38 segments at C3-C4, 4 segments at C4-C5, 4 segments at C5-C6, 31 segments at C6-C7, and 4 segments at C7-T1 (Figure 3) .
Results of ACDF for Adjacent Segment Disease
All patients completed 2-year followup after revision ACDF. Clinical symptoms significantly improved compared with the preoperative baseline (Figure 4) were detected at the final 2-year followup. However, 3 (4.8%) patients who used a PEEK cage developed no solid fusion according to the criteria of Pitzen et al. 13 Interobserver agreement regarding these 3 radiographic evaluations (instrument failure, segmental collapse, and solid fusion) was almost perfect, and the kappa coefficients were 1.000, 0.936, and 0.856, respectively.
Revision Versus Primary Surgery
The surgical results between the revision and primary surgery in these 63 patients are compared in Table 1 . If patients developed adjacent segment disease within 2 years after primary surgery, the clinical results before the development of adjacent segment disease were recorded as the results at final follow-up. Mean age at revision surgery was significantly higher than that at primary surgery (47.267.4 vs 52.666.7 years, respectively; P,.001), but no significant differences existed in the duration and presentation of preoperative symptoms. In addition, preoperative VAS and JOA scores were also comparable between primary and revision surgery. Mean VAS score after revision surgery was significantly lower than that after primary surgery (2.260.4 vs 1.560.3 years; P,.05). The postoperative JOA score, RR, and surgical outcome at final followup were comparable between primary and revision surgery.
One-Versus 2-level Adjacent Segment Disease
Among all patients, 45 developed 1-level adjacent segment disease and 18 developed 2-level adjacent segment disease. The results of revision surgery are compared between the 2 groups in Table  2 . Preoperatively, no significant differences existed in age, sex, preoperative symptoms (ie, duration and presentation), VAS score, or JOA score between the 1-and 2-leval adjacent segment disease subgroups. The types of instrumental devices were also similar. At final followup, differences in VAS score, JOA score, RR, and surgical outcomes between the 2 subgroups did not reach statistical significance. However, more patients in the 2-level subgroup developed dysphagia, and no significant difference existed in bone fusion.
PEEK Cage Verus Zero-P Cage
Thirty-six patients received a PEEK cage and 27 received a Zero-P cage for cervical reconstruction. The comparison between these 2 subgroups is shown in Table 3 . No significant differences existed in age, sex, preoperative symptoms (ie, duration and presentation), VAS score, or JOA score preoperatively between the 2 subgroups. The numbers of operated levels were comparable between the 2 subgroups. Consequently, no significant differences existed in VAS score, JOA score, RR, or surgical outcomes at final follow-up. In addition, the incidence of postoperative dysphagia was not associated with the types of instrumental devices. All patients in the Zero-P cage subgroup achieved solid fusion at final follow-up, but 3 in the PEEK cage subgroup did not.
discussion
With an increasing number of patients and prolonged follow-up, adjacent segment degeneration or disease has been recognized as a main concern after cervical arthrodesis. However, the actual frequency and clinical significance of these adjacent segment changes are not well understood. In a classic study of the natural history of cervical adjacent segment disease, Hilibrand et al 5 reported that symptomatic adjacent segment disease occurred at a relatively constant incidence of 2.9% per year during the 10 years after anterior cervical arthrodesis, and a Kaplan-Meier survivorship analysis predicted that more than one-fourth of all patients develop symptomatic adjacent segment disease within 10 years. In other reports, the prevalence of symptomatic adjacent segment disease ranged from 5.6% to 15%.
14-16
The current study followed the largest series of patients to investigate the outcomes of revision surgery after primary anterior cervical decompression and fusion. The incidence rate reported in the current study (5.1%) only included patients who underwent revision ACDF surgery, which is considered the most clinically relevant endpoint of adjacent segment disease.
Compared with the abundance of studies on primary surgery for cervical spondylosis, few studies have reported the surgical treatment of adjacent segment disease, and no consensus exists on the best options for this pathologic condition. To the authors' knowledge, 5 clinical reports addressed the clinical results of surgical treatment for adjacent segment disease, including 2 studies that reported anterior fusion (diskectomy and corpectomy), 2 that reported laminoplasty, and 1 that reported the use of artificial disks.
6,7,9-11 Laminoplasty was only indicated for myelopathy due to adjacent segment disease, and the clinical outcome based on the JOA score recovery rate in both studies showed that 38% and 55% of patients had an excellent or good outcome in the larger and smaller study, respectively. 9 , 10 Matsumoto et al 10 reported that the clinical results of laminoplasty for adjacent segment disease were not as satisfactory as those of the primary surgery. Disk arthroplasty was limited to radiculopathy or mild myelopathy, with no evidence of cervical instability or spinal canal stenosis. Although the early clinical results of disk replacement adjacent to a previous fusion are good and comparable with the outcomes after primary disk replacement surgery, the authors reported increased biomechanical forces as the cause of early prosthesis migration in 2 (7.7%) of 26 patients and doubted the duration of this device in long-term follow-up.
11
Anterior fusion was associated with satisfactory clinical results in the treatment of adjacent segment disease. 6, 7 In a report by Hilibrand et al, 6 ACDF (diskectomy or corpectomy) using autogenous iliac or fibular grafts without instruments was performed, and the surgical outcome was categorized as excellent or good in 32 (84.2%) of 38 patients based on the criteria reported by Riley. 17 Arnold et al 7 reported using the Bagby and Kulish cage in the treatment of 7 patients; 4 outcomes were excellent and 3 were good according to the Prolo Economic-Functional Rating system. However, these 2 studies had small series and used outdated techniques; thus, their results may not be generalized to current practice. In the current study, ACDF using 2 types of stand-alone cages was performed in a large series of patients with adjacent segment disease, and 2-year follow-up results showed that the clinical symptoms were significantly improved. Furthermore, the rate of excellent and good outcomes was 71.4% based on the JOA score recovery rate. In addition, ACDF as a revision surgery provided results comparable with those of anterior cervical decompression and fusion as a primary surgery. Therefore, revision surgery does not adversely affect clinical results when performing ACDF in patients with adjacent segment disease. When performing ACDF in patients with adjacent segment disease, the increased strain and stress at the adjacent segments likely leads to a significant decrease in the successful achievement of solid fusion, and nonunion adversely affects the longterm clinical results. 6, 8 Therefore, the authors investigated the number of operated levels and types of instrumental devices as potential factors that likely affected the fusion rate and clinical results. The results showed that the number of operated levels and types of instrumental devices were not associated with the clinical results, but using a Zero-P cage significantly increased the fusion rate compared with using a PEEK cage (P,.01). The Zero-P cage comprises a PEEK cage and an integrated zero-profile plate with angle-stable screws. An in vitro biomechanical study showed similar stability using a Zero-P cage compared with an already-established cervical cage and plate constructs, 18 and the primary report of a clinical trial also showed an immediate biomechanical stability that provided a 100% fusion rate in the treatment of 1-to 3-level cervical disk diseases by 6-month followup. 19 Therefore, the Zero-P cage should be the recommended treatment for patients with adjacent segment disease.
Dysphagia is a well-recognized and underreported complication in patients who underwent the anterior cervical approach (range, 4%-30%). 20, 21 The incidence in the current patients was 7.9%, and 1 patient with 1-level adjacent segment disease reported mild dysphagia symptoms. This low incidence after revision anterior surgery may relate to the no-profile design of stand-alone cages, including the PEEK and Zero-P cages, both of which have no anterior profile beyond the spinal column. 22, 23 In addition, the preservation of previous cervical plates and the performance of limited exposure of the responsible disk levels may have decreased esophageal disturbances and retraction pressure.
conclusion
Although the current study assessed ACDF using popular instrumental devices adjacent to previous cervical fusion in a large series, some limitations existed. First, the long-term results of ACDF in patients with adjacent segment disease, such as adjacent segment degeneration secondary to extended cervical fusion, are unclear. Second, an observational study without a control group cannot conclude that ACDF is the best option for patients with adjacent segment disease. Future studies should compare treatment options using validated outcome measures and defined study protocols with explicit surgical indications.
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